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TESTS OF FLAT PANELS WITH FOUR TYPES OF STIFFENERS ~ = 7
By Alfred S. Niles ' T

-~

SUMMARY

Fifty—one aluminum~alloy panels were teeted as flat— -
end columns.. The test svecimens included all possible . e
. combinations of two lengths, four stlffener spacings Tanad -
four stiffener designs, and were mostly ‘in dup11cate pairs.'—-"f"
The test data include the maximum loads carried, action of ' i
the papels after-the maximum loads carried, action of' the T
panels after the maximum load-had been passed _amount of T
twisting of the 'stiffenefts, photographs showing the char-— )

acter of fallure of many of the panels, and other pé*ii_ o
nent iteme. . .

_ Supplementary teets were made on 1l of the. panels in o
simple" bendlng and on 6 individual" stlffeners in compres— . Tl
~sion. . . : : - - S

VINTRODUGTION -~ wed o =007

chaamm — - L T

In 1938, Carah &nd Park (reference 1) made a numher
of tests to determine the 1ultimgte loads of channels .act—
ing as cantilever beams subjected to concentrated forces
at the free ends. The ultimate loads obtained.when the S
line of action of the force passed through the ‘deédtroid =~ T
of the section were found to be from 20 to 43 peréént . T
lower than those obtained when the force was applieda =~~~
through the shear center. This considerable Yeduction in =~
the ultimate load suggested the possibility that the laad— =~ ~ 7

carrying capacity of sheet—stlffener combinatlons would . =~ T S5 7
be a maximum if the 'stiffeners were so designed that the = 7
line of action of the flerces due to interaction of .sheet 77 T
and stiffener would pass through the shear center of the 7
stiffener and be parallel to one of the principal” axes_ P
of its Cr o8s section :

To explore the valldity of this hypothesis and to ' o
obtaln additional data regerding the general problem of T .7
stiffener design, the four stiffener se¢c¢tions shown in - - -
figure 1 were selected. For easier comparisons all four T



2 ! " . N&CA Technical Note No. 882

sections were of the same sectional area and three, C, -
Z, and S, had equal momeants of 1inertia &about the cen—
troidal axis parallel to the flanges., The fourth section,
U, was identical with the € ‘section except that, when
employed in combination with sheet, it was attached et the
center of the web rather than at—the flange, Study of
figure 1 will show the followlng relations to exist when
the four sections are used as stiffeners in ¢onnection with .
flat sheet. In all four cases the load imposed on the e =
stiffener by the tendency of the sheet to buckle is assumed
to act normal to the plane of the sheet and along the line
of rivets., In the case of the ¢ section, this force

will be parallel to a principel axis of the sectlon bui
will pass to¢ one side of the shear center, that point belng
"hehind" the web. The shear center of the Z section will
coincide with the centroid because of point symmetiry, but
the force will not be parallel to a principal axis. Wnhen .-
the U section is used, the force will act along an axis

of symmetry of the section and will thus act along a prin—

cipal axis and pass through the shear center.

The S section was developed by Brown and Van Every,
who originated the project covered by this report. Although
this section was devised indevendently by Brown and
Van Every, its prior existence is shown by sketches in ref-
erence 2, This section was devised to meet the regquirements
that the load should pass through the shear center in a -
direction parallel to & principasl axis and that the moment
of inertis I about a centroidal axis parallel to the L
sheet should be the same as for the C and Z sectione. R
It was impossible to satisfy these conditions with a sec-—
tion similar to the U section without increasing the sec—
tlonal area.

Actually the S section was firet proportioned to the
approximate area and moment of inertia desired. &4n angle -
hetween the wed and the flanges and a distanmce between
flanges were selected arbitrarily. - The angular positicon e
of the principal axes was then varied by ohanging -the —
flange width and the results were plotted ‘to determine the
proper value that would make the principal axes parallel e e
and normal to the flanges,., Since the section has point_
symmetry, its shesr center is at the centrold, Thus, 1f .the
sheet 1is riveted at the location indicated im figure I, the
load imposed on the stiffener bv the sheet passes throwugh
the shear center and is parallel to a principal axis of the
section. : : '
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-After the 5 section had been designed, the C and
Z sections were developed so that they had the same. area
and moment of inertia about centroidal axes parallel to
the flanges. Because the thickness and the developed width
were fixed by the design of the § section, the only in—
dependent design variable remaining was the distance bé-—
tween flanges. The variation of I with this gquantity
was plotted in a figure from which the necessary depth of
section was determined,

Originally the four stiffener sections were designated
bv the letters A, B, C, and D, and those letters are used
throughoug this report to identify individual test spec—
imens., When attached to the vanels, the assembly is iden—
tified as . P4, PB, PC, . and.  PD., During the %test program
it was found helpful to refer to the original "A" and
"D® as MCM gnd "U" sections since they suggest those
letters (see fig. 1) when the sheet to which they are at—
tached is in a horizontal position., When not attached to
a sheet, they are. both referred-to at times as the "chan-—
nel' section, because of their gimilarity to the strudtural
_channel. Slmilarly the original B section came to he
known as the 2 section on account of its similarTty To
the structural Z section. The original ¢  section was
then named the S section since, when reversed, it sug-—
gests the letter S, and it was undesirablée to attempt to~
:distlngulsh between two different 2Z esections. The orig~
inal des1gnations are shown in parentheses in flgure l.

Llthough all four sections had. the same area and three
of them had the same moment of inertia about an axis parallel
to.the flanges, "it was realized that their behavior under
load might be quite different. To ascertain these differ—
ences and to aid,in the interpretation of the actisn of the’
sheet—stringer combinations,.individual stiffener sgecimens
were tested as cantilever beams, as beams in pure beHE{ng,
as beams in simple bending, and as flat-—end columns. The
tests of the specimens as beams indicated nothing oFf signif-—
icance for interpreting the action of the panels except
what could easily be dedméed from azccepted beam theory.
Detailed accounts of these tests, therefore, are not in—
cluded in this revort.

In order to bring out more clearly any difference.s in
the stiffening effects of the four sections used, the -vanels
were made of relatively heavy stiffeners and light sheest.
The panels were made in two lengths and with four stiffener
spacings that allowed information to be obtained on some ’
of the other problems of panel design.



4 ¥ACAL Technical Note ¥o., 882

L1lthough all the test material was obtalned at one 2
time, the tests extended over two. se¢hool years .and were
made in th.ee groaps, and there were minor differences in . -
technigque among tne groups. In tﬁe first year, the tests
on individunal stitfeners and comur»sc:an testﬁ_ﬁ__zo .
ranels were made by Brown and Van Eve:y In the second e m
year, compression tests on 15 panels and’ bending tests on
ll-panels wére made by H. A. Miner. ‘At the end of the
second vear, compression tests were made on 16 panels by
the wriver. With the exeception of the data obteianed 1n
the third group of tests,the data in this repors are itaken
.from the theses and test logs of the students mentloned.

The writer received assistance from many sources in
carryineg out at Stanford University the study on which
this report 1s based. Special acknowledgment is due the
lonsolidated 4Lircraft Company for the gift of the tesat
svecimens, and to the Wational Advisory Committee for
Aeronautics for the financial assistance that—made pos—
sible a more . thorough study than could otherwise have
been contemplated. Acknowledgment is alsc made to Messrs,
Russell W, Brown, Milton 4. Miner, and Eermit E. ¥an Every,
former graduate studentws on whose theses bthis report 1is .
largely based, as well as to the siudents who assigted them
in making their tests; Normal Christensen, Koy P. Jackeon,
and HMilton 4. Miner are to be thanked for their assistmTmice ¢
in carrying out the third group of tests of panels in axiagl
compression and for the calculation of the results of the
tests. Messrs. Roy A, Miller and XK. R. Jackman of the
Consolidated Aircraft Corporation and Professors Herrill
S. Hugo, S. Timoshenko, and Harry A. Williams of Stanford
University are teo be thgnked for technical advice and
assistance, and Messrs. 0. &, Warm, ¥. H. Cadwell, F. D,
Banham, B, H. Harcourt, W. W, Young, and T. J. Palmateer
of Stanford University for assistance in the deslgn and
construction of test apparatus, - . S

TEST MATERIAL

All stiffeners were formed on a brake from strips of
245—-0 material 0,064-inch thick and 2.52 inches wide. The
dimensions of the stiffener sectiouns and the corresponding

section -characteristics are shnwn in figure 1. The gtiff—
.eners tested 1nd1vidually ware in lengths of 16 and 24 A
inches, )
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The stiffeners were heat treated, age hardened three
days, and stretched .to 3 percent permanent get in the
straightening operation{ The material then had the fol—
lowing properties: . -

Yield stress in tension, 1b/sq in. . . . . 56 ;000
Ultimate stress in “tension, lb/&q in. « . - 68,000
Elongation in 2 in., percent . « 4 o« o o 15 to 17
Young's modulus, /sq ine o o ¢ v v e e ,300, OOO

P

'These yalues were supplied by the Gonsolidated Aircraft
Corporat ion and verified at Stanford University within
one-half of 1 percent by a standard tensile test. In
this test two Huggenberger tensometers witL l-inch gage
lengths were used to measure the strains of a carefully
milled specimen cut from stiffener D-2, Load was applied
by a 20,000—pound Tinius Olsen universal testing machine.

The panels were fabricated with 0,025—inch 24S--T
sheet with the grain parallel to the stiffeners.” Each
panel had three stiffeners riveted to the sheet with 3/82—
ineh A 178-T rivets (Lockheed Standard — Brazier -~ LS ~
1100 — 7/32 inch long, age hardened eight days before
driving). The rivet spacing was 3/4 inch with the end
rivets 1/4 inch from the end of the specimen, Stiffener
spacings of 4, 6, 8, and 10 inches (rivep line to rivet
line) were provided. Panel lengths of both 16 and 24
inches were used. The panels were supplied -in "duplicate®
pairs, but one of the 24—1nch panels and 12 of “the 16— inch
ranels were not- tested. The other panels, 31 .5fF 24-Inch
length and 20 of: 16—inch length, - were - tested in COmpT es~—
sion: At least one panel of each size was tested. In s
each panel the sheet was trimmed flush with the outside of
the edge- stiffeners, and the ends were carefully ground
plane to within 0,002 inch cver the entire-width and as
nearly parallel to each other as possible.- ,

Both sheet and stlffeners were yelghad prior to drill—
ing and the sectional areas of cach were computed, a den—
sity of 0.1 pound per cubic inch being assumed The ob—
served weights and computed sectlonal areas are listed in
table 1. During the tests, numerous cheéck mesasurements
were made on the test makerial, Mcasuremsnts of thicknesij“
over—gll width, and height of the se&tion were taken at.
4—inch intervals -along ‘the . lengths of - the: ind1v1dual stiff—
eners and, in the case of the- 3 ~gedtion, the angle be= .-
tween wed and flanges was. salso measured. For many of the
Panels, these medsurements . were supplemented by measure—
ment -of sheet thickness taken along the panel widih and

[ ————
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length. The results were averaged and usedffoxr an 1inde-
rendent computation of. sectional areas. Most of the
linear dimensions of sach speclmen. were within 2 percent
of the average, but the angle of “the web of the S gec—
tion was not under such close control, It varied as much
a8 4 percent within a, specimen and also 4 percent from
the value needed to make one principal axis parallel to
the flanges.

The computed areas based on these meaaured dimen91ons
and the .areas based on weights were usually- in close
agreement, the maximunm difference being 0.038 square inch
and the medlan difference 0.009 square inch,

In addition to variations, within a specimen the di— R
mensions differed from the nominal, Study of half of the
24-inch penels revealed variations in sheet thlckness
between —4.4 and +8.8 percent from the nominal, the median
figure being +1.6° percent. Stiffener thicknese deviated
between —2,5 and +3.8 percent from the nominal and there
was no.deviation of the median, The moments of inertia
of the stiffener showed somewhat larger deviations from
.the nominal, which amounted In sd»me rvases to as much ae
12 percent. The deviations from nominal dimensiong of the g
other snec1mens were. of the same order of megnitude, The
action of the. panels under test, .however indicated that
the deviations, from nominal in moment of inmertia were of
much less influence. on the resulte than those in sectional
area. Although some of these deviatlions from nominal may
appear rather large, they are less than deviations likely
to be-encountered in actual consiruction ‘and are repre—
sentative of gpod shop practice, Although they prevent
too f.ine distinctions being -drawn from the test results,
they do not—prevent useful practical conclusions being
drawn.

APPARATUS AND TEST PEOCEDURE

Simple bending tests.— Rleven of the 24—inch panels
were tested as-simply supported heams with concentrated
loads at the midspan. The test apparatus is shown in fig-
ures 2 to 6. The entire testing-egulpment was set up on
the heavy plywood base mounted on a pair of wood horses
shown in. figure 2. - The. Pplywood base. wae drilled o allow
steel rods to transmit the load from the lever sr¥sten be— L3
low the base to the panel, which was supported on rods
resting in V Dblocks. These end—support=rods were of
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l—inch diameter cold—-rolled steel. They were properly
spaced under the ends of the panel by steel templates,
which located each end support 10.75 x 0.05 inches from
the center of the specimen. One of the support rods ¥as
mounted on small roller pads to permit horizontal travel
the other rod-was fizxed.

Figure 4 shows diagrammatically the method of load-—
ing & panel in simple bending. The load is divided into
three equal parts by a lever arrangement, the loads being
25—pournd bags of shot, This lever system was designéd’ to
fit all four stiffener spacings (frem 4 to 10 in.)} by ~
relocating the hinge pins in the levers, When panels
reinforced by € and S . stiffeners with:the skin in
compression were being.tested, the loading-rods could not
be fastened direetly to.the steel blocks.: The loads were
therefore transmitted through the. Cqshape fittings shown
in figure 5, ' '

Deflections of the stiffeners were measured by dial
gages. The gages at the ends (directly above the end
supports) were individually mounted on adjustable stands’
and those measuring deflections near the center weére
mounted on a single large hanger, likewigse adjustable.

This large standard provided also & means of mounting fthe
scale for measuring stiffener twist with the aid of
aluminum—alloy pointers, The pointers, about 10 inches
long, were glued to each stiffener at the center of t he
panel, as shown 1in figures 2 and 3. In some preliminary
tests it 'had been found that local deformation near the
roints of lcad application seriously affected the validity
of the deflection readinges taken at the center of the span,
The center—deflection readings were therefore taFen at
points 12 inches from midspan. -

In the panel bending tests, the dial gages were set
to zero and the initial polinter .readings were made: with
the specimen under a tare. load. of 26 pounds, Load was
then applied in 1ncrements, usudlly of' 100 pounds, until
the total load amounted to from 226 to 376 pounds, de—
pending on the etiffness of the specimen. The load was
then removed in 50 pound decrements. Digl—gage and
pointer reaiings were taken after eagh change in load,
but only those readings obtained in the unl- ading process
were used to plot the curves from which the panel stlf?“
nesses were computed

.-__'_ .

’ Compfession tests.u-Three sets of compressicn t sts
to destruction were ma&e on panels, In the first set one




8 , S ﬁAéAQTechnical-Note No. 882

each of the 24—inch panels and one each of the lé—inch
panels- w1th 4~inch stiffener spacing, 20 in all, were
tested.  In the. second set, the duplicates of the 24—inch
panels, with the exception of the panel with U stiff~".
eners. and 4—inch spacing, a ‘total of 15 panels, were test—
ed. The .third set was composed of’ bne of each .of the 16—
inch paneld, 16 in all. Those panels with the 4—inch
stiffener spacing were duplicates ;of panels of the first
get; the others were panels of which duplicates were not
teste&

A1l -the compression testy Were Made in a Tinius Olsen,
hand—operated, 30,000-pound universal testing machine
equipped with extension rods, In order to gdapt this
machine for panel testing, two case~hardened ‘platens,
shown in flgure 6, were nade, The upper Pplaten was fin—
ished from a mild steel bloeck 4-by 4 by 28 ingches and the
lower platsm from a mild steel Block l1by4by 28 inches.
Both pleces were milled approximately plane, case-hardened
ground plane and parallel within 0,001 inch and .lapped .
plane and parallel uslng a third surface - '

& sysvvm of bracing—to stabilige gnd&guide the motion
of ‘the uppexr platen’was run- from the upper platen to a-
nearby H-+column,-as shown in flgure 6. " Thia bracing wes
chiefly effective in preventing rotation &nd movement of
.the- upper platenr normal to the plane of. the panel. No
special provision was- necessary to. prevent movemeni of the
upper platen parallel tc the piane of the panel. Although
this arrangement was crude and left much to bg desired, it
afforded reasonably satisfactory stability. To check on
the behavior of the upper platen during the tests, deflec—
tion messurements relatlve to the lower platen were taken
at- three points on the under surface, Thus, the deviation
of the two platens from parallelism could always be deter—
mined. These measurements also provided a means of meas—
uring the totgl strain and the corresponding apparent aver—

age stress at each stage of the test

One of the chief objedtives- of the tests. was to deter—
mine any differences in the tendencied of the different
types of stiffeners to twist under load. Foxr this purpose
aluminum peinteérs 'dbout 1 foot long were glmed tao each
stiffener ‘nesr midhetght,;‘&id a scale placed in a conven—
ient position for measuring the movements of their free
ends. These pointers and the scale are shown in figure 7.

When possible, stiffener elongations were obtained Dy
Hurgenberger tensometers having a gage length of 1 inch,
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The movement of the pointers of these gages 'were redgd to
0.01 inch, which indicated a strain of 1/120,000.

Some secondary apparatus and gages, which appear in
figures 7 and 8, were used for measurements from which it
was hoped to be sble to compute the actual degree of re— _
straint of the stiffeners considered as columns. A4s this ' -
Phase of the Investigation, however, produced no results
sulitable for publication, . the data obtained and the methods
used for obtaining them are omitted from this report.’

The methods of positioning the specimen and ¢arrying
out the tests varied in detail among the three sets of
tests. In all three sets, however, the speclimen was first
Placed between the platens and held with a light load
while its position was checked for continuity 'of contact
with the platens. The load was next increased several
thousand pounds and then reduced to an initiazl load of from
2000 to 3000 pounds. If, during this process of loading
and unloading, the indications of lack of uniform distri-
bution were not excessive in magnitude, the position of the
specimen was considered satisfactory. The criterions for =
satisfactory specimen location differed quantitatively be—
tween the test groups, but, in general, a difference of
0.002 inch between the readings of the gages measuring the
vertical movement of the upper platen with respect to the
lower was the maximum allowed. "Betause two of thése gages
were nearly 28 inches apart, the permissible relative rota—
tion of the platens about an axis pormal to the.plane of
the specimen was very small, In the second and third groups
of tests, tensometers were also attached to the edge stiff-—
eners and the permiessible difference between their readings
was held to a fraction of a scale division. If the differ-
ence in platen movement or tensometer readings indicated
excessive. differences between the loads carried by The edge
stiffeners, the positien of the specimen was changed until
2 satisfactory position was obtained: o

When the specimeh had been satisfactorily pIacéE_in
the testing machine, all measuring devices not previously
applied were sttached arnd the -main test run was started, At
first, loads were imposed in equal inerements of 1000, 1500,
or 2000 pounds, but, "'as the nltimate load was approached
.the testing machine was kept balanced as nearly as possible
and stopped for observations after selected increments of
specimen shortening or when the beam dropped suddenly becausge
of the ylelding of the panel. Before the ultimate load was
regched, the tensomefters and such dial gages as might be in-
Jured by the failure of the specimen were removed,
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In the first set of teste, relatively little atten—
tion was pdid to the action of the panels after the maxi-
mum load had been reached. In the secohd and particularly
in ‘the -third -set: of tests, much more attention was raid to
the action -of the parnels at -that stage. .. .

After fgilure of -one :or more elements of-the panel,
travel of the loading head was continued to permit obser—
. vation of the aztion of the other elements. .The varila-—
tions of .load carried as failure progressed were recorded
and notes were taken of the tyves and locations of failure.
For a: few specimens of the second set (24—inch panels with
10—inch stiffener spacing) photographs were taken of the
panel under the initial load of &,000 pouynds, at failure,
and after failure when the load had been reduced .to 3,000
pounds,., These 'photographs give evidence of the type and
magnitude of "the failure, In the ‘third set. of tests,
after the 1oad Jhad dropped 1o -about three—quarters of the
ultimate (in three cases it -suddenly dropped to a much
gmaller fraction), the test was .stopped and a photograph
was taken of the panel to.illustrate the character of the
deformation. . .

One lé—~inch .and one 24—1nch length. oﬂ_aach stiffener
section.was tested to fallure .as. & flat—end column. The
apparatus and .procedure used in these -tests were the same,
as far as applicable, as for the - -compresslon tests of pan—
els. More detailed .description ,of inese tests .is there—_
fore con51dered Unnecessary.

_PRECISION

‘To assure.umwiform distribution of fhe load, the,

platens were 1&pped plane within 00,0005 in¢h. During

the tegtw® of the firgt—twos groups the relative . movements
of the ends of the platens {(about 28 in . apart) did not
differ. by more than 0,C030 ingh prior to yielding of the

spacimen, which . renresanted a r;lative angular mevement
»f only-about 0.0C0Ll radian, or 0.006°%., For 'a pen2l. with
4—inch stiffener snacing and 16—inch lengih, thTF condi—
tion.would ruprs :seat an increasa - in the axial stress of
0.0001 by 4 by.10,300,000/16 = 258 pounds Per sgpars inch.
In the third group.ef ‘teste of the platens were not kept
.s0 clossly .parallel, but -the. uniformity in stiffener
streseses wes conbinuously. checked by.thé tensometers and
the results.of the tests of lf—inch panels with 4—inch
‘stiffener spacing are in such close agreement with those
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of the corresponding panels of the first group as to give
confidence in them. Measurement of the twist of the
stiffeners ag obtained from the pointer readings was pre-—
cise to within £0.002 radian, This value was an appre-—
ciable fraction of most of these rotation readings, since
the latter weére so small, but the precision was adequate
for qualitative results and conclusions.

The Tinius Olsen testing machine was graduated to
the nearest 5 pounds, but difficulty of keeping the beam
in exact balance reduced the precision of the load reasd-—
ings to about +50 pounds when the beam had to be kept in
balance while the strain was being increased. The machine
itself was known to be accurate to within plus or minus
.one—half of 1 percent. On the whole, the precision of
total loads may be assumed to be +0.75 percent; whereas
differences between loads of about the same magnitude
recorded for a given test are correct to within +50 pounds
if 1t were in motion when the reading was taken.

SYUBOLS

b width of panel between stiffeners, inches

L length of panel, inches : Tl

s developed length of center line of stiffener, inches
t  thickness of _s-tiff'e-ner.,'i_nch'

A stiffener cross-sectional area,.square inches .
r inside radius of bends, inphés. . _ o
I moment of inertia aﬂout stiffener centroiad, inches4
8 pénel deflection in bending, at panel cgnterL inches

modulus, of elasticity
compressive load, pounds -

bending load, pounds ' R -

H#H = W o

I flexural rigidity
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TEST RESULTS

Panel bending tests.— In the panel ‘bending tests the
deflection of & point near tne center of each- stiffener
from a line joinlng the pdints of support was determined
by subtracting the gage .reading at that point from the
average of the gage readings at the supports The result—
ing center—stiffener deflections were rlotted as shown in
figure 9 against load per stiffener and straight linee fit—
ted as closely as possible to  the plotted points. The
slope -of this line for each stiffener was then determined,
to £ind the-ratio of load to.deflection W/8. For the di-
mensions of the test set—up, the ordipary formula for beam
deflection reduced to- EI = 201.6 W/8. The values of EI
obtained from this exvression are recorded in table 2, 1n
which EI, and EIz are the observed stiffnesses of the
edge stiffeners and EI, that of the center stiffener.
For purposes of comparlson the table includes the computed
values af BEBI for the center stiffener based on measure—
ments of the zetual cross section and an assumed value of
10,200,000 pounds per square inch for E. This table in-
cludes also the maximum load imposed on the panel in ceach
test.

In"addition to0 the measurements of deflection, the
movements of the free ends of the pointers glued tothe
stiffener webs were recorded in order to obtain ianformation
regarding the tendency of the stiffeners to twilet. For
most of the psnels, this procedure was followed only when
the panel was tested with the sklin in tension, on account
of the difficulty of obtaining the information when the
stiffeners were below the sheet. With panel PA 16, however,
these readings were taken for the twoe edge stiffeners.

Table 3 shows the length of the polnter, and the total move—~
ment ¢of the free end of the pointer 1inm inches, The plus

and minus slgns indicate whether the readling of the pointer
on the scale increased or decreased with increase in lcad,
In some cases, the movement of the pointer changed in direc-—
tion and this change 1s indicated by the-symbol +.

Panel compression tegts.— The maximum axial loads car-—
ried and the tyvpes of fallure exhidited by the various pan—
els are summarized in tables 4 and .5. These tables 1nclude
also two values of unit stress corresponding to cach ultimate
load., One is the average stress obtained by dividing the
load by the total sectional area of the panel from table 1,
The other is the load divided by the sectional area of the
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stress carried by the panel because the first computation
uses too much and the second, too little of the area of
the sheet.

For each test the recorded readings of the gsages that
measured the movement of the upper platen were used to
obtain curves of average panel shortening against axial
load, as shown in figure 10, ZFirst the actual gage Tead—
ings were plotted against load and the movements of the
three gages were shown by curves 1, 2, and 3, These curves
were extrapolated to zero load %o determine the shortening
which took place between zero load and the load at which
the first measurements were taken. Since the lower por—
tions of the basic curves were quite straight, this ex—
trapolation could be done with satisfactory Drecision. The
readings for each load were then averaged, the estimated
shortening at the initial load added, and the "average
curve" drawn. Since two gages were at one end of the
Platen and only one was at the other end, the reading of
the single gage was given double weight in computing the

average. The average.shortenings of the different panels
under & group of representastive loads, as obtained from
these curves, are listed in tables 6 and 7. '

The approach of failure of all the panels was indi-
cated by definite signs. The sheet used in their fabrica—
tion was so thin that, even under the initial loads, it _
normslly exhibited buckles in the areas between stiffeners,
These. buckles grew as the load increased but little atten—
tion was pald to the details of. the development, since
that type of action has been studied more carefully by
Ramberg, McPherson, and nevy in reference 3 and by other
exverimenters, Since this buckling was present throughout
the ftests, it could hardly be con51dered a true indicntion
of impending failure, _ .-

. The first sign of impending falilure was usually the
buckling of the skin between rivets connecting it to the
stiffeners., This buckling could seldom bé seen at the
center stiffener, but was easily visible at the elge stiff-
eners. Often this condition became noticeable on both
edges at the same load, though in many tests it was seen
on one edge before ovn the other. These buckles deéveloped
so _gradually that it was difficult to know just when they
began to appear. The loads at which they were noted in o
the third set of tests are recorded in table 8. The cor—
responding data for the other two sets of tests are not ’
so complete, but there appeared to be little difference
in the range of loads at which this wrinkling first became

noticeable between the 16~ and the 24—-inch panel groups.
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As the strain was further increased the free. edges of
the stiffeners on some .specimens began to appear wavy and
later developed deéfinite buckles, at which points failure
subsequently took place. This waviness did not become
apparent on many of the panels, however, Until after the
maxlimum load had been passed. The loads at which it was
first noticed on each of the stiffeners of panels of the
third group are listed in table 8. The approach of maxi-—
mum load of some panels was warned by visible twisting of
one or both of the edge stiffeners. The load at which this
twisting was first noticed is. alse recorded in table 8 for
the third test group. On many of the panels, however, no
such stiffener twisting was noticeable, even at the end of
the test, Practically no information on these points was
recorded in connectlon with the tests of the first two
groups of panels,

The best indications of apprdaching failure were the
drop in load while the testing machine was stopped tuy take
readings and the cecrease in the rate of change of load
while the tésting machine was in motion. .Under low loads
there was no drop in the load on the specimen whille a set
of readings was being taken. As the loads increased, how—
ever, it was found that during the time to obtain a set of
readings the equilibrium logd of the panel decreased, al—
though there was no. change in the pésition of the upper .
Platen. At first thlie decrease would be a matter of only
10 pounds or so, but with increased strain, it becane
brogressively greater, and before a test was completed
might amount to as much as 100 pounds. These effects cau be
seen from figure 11, which shows to ernlarged scale the
upper portion of a curve of representative load against
axlal_shortening. The same figure shows how the sBlope
of the curve progressively decreases as the maximum load
is approached. In the teststhis gction seemed more pro—
nounced than it does in the figure and was the most obvious
sign of approaching failure. - S

The action of the panels of the third group of testse
as the maximum load was approached and after it had been
passed was closely cbserved. In the typical cycle of
action, as the strain increased, the equilibrium lecad in—
creased to a maximum snd then began to decrease. At times
some part of the panel gave way suddenly when the locad was
at a maximum, but usually there was some gradual decrease
in load with increase in-straino before a partial failure
and sudden drop 1n the equilibrium load occcurred. If the
tes@ing machine wgre stopped to permit the taking of gage

~
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readings, as was done after each sudden drop in load or
when the amount of increase in strain made such action
appear advisable, the equilibrium load was found to have
decreased further while the readings wvere being taken,

As the strain was increased after the readings were taken,
the cycle was repeated, starting with an increase in
equilibrium load, except that, after the panel had been
very badly deformed, the equilibrium load might show no
such dinecrease., The action of these panels under large
strain-can be followed from the record of table. 9. .. .

} .In this table four phases of the typical cycle”gre.
recognized and the corresponding loads are recorded,

Those recorded for phase A are the ones at which the equi-
librium losd reached a maximum. The phase B loads are the
equilibrium loads Jjust prior to a sudden drop in that
quantity. When the testing machine was stopped for read—
ings although there had been no sudden drop im load, no
figure is entered for that phase. The phase C'loadelare
the equilibrium loads when the taking of a set of dial
gage and pointer readings was started and the phase D
loads, those when the set of readings had been taken and
the straining of the specimen was resumed, In order to
emphasize the few cycles in which there was a¢ drop in
load from the phase A maximum to the phasé B load at which
there was a sudden drop, the correspondlng phase B loads
are indlcated by footnotes. .

The failure- history of panel PD-8 can’ thusg be, read
from the table as follows: The euuillbrium load increased
"t0:20,726 pounds and then gradually decreased to 20, 530 .
ipounds, at which,point the machine was stopped for readings.
When: the readings had been taken, it was found that the load
.Bad dropped to 20,480 .pounds. With ingrease of strain, )
the load gradually rose to 21,630 pounds and then slowiy
dropped to 21,430 pounds when a new set of readings was
taken. - When these readings had been completed the load
had decreased to 21,380 pounds, but with increased strain
it rose to 22,020 pounds and .again began to decrease grad—
ually., At 21,8%5 pounds, however, _there was a sudden drop
of load to 20,310 pounds due to some failure in_the panel
After readings of strain had been taken, the equilibrlum
load had further decresassed to 20, 270 pounds. With further
increase of strain the load rose ‘to 2C,760 pounds, at which
point there was ‘a sudden failure that caused the load to
drop to 6,200 pounds. The story of this panel failure {s
fuyrther illustrated by figure 11, which’ shows grabhically
the variation in eguilidrium load with increased strain.

In this figure the only fully validated points on thé curve
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are those plotted from the readings for phases ¢ and D,

The location of . the curve between such.points is hypothet—
lcal, -but is believed.to be at least qualitatively, cor-—
rect. The broken line in the figure indicates the slogpe
.of the load—shortening curve in the nelghborbﬁniuﬂf zero
load. .‘7; _ i -

: For 2 more complete understanding of the action of
the third group of panels under 1arge strain, table 10
gives selected excerpts. from the test. logs. The loads at
which the various events are shown in this table are those
corresponding to phase € of $able.9, that is, the squilib-
rium, loads noted  just. before fthe dat@ were recorded.

The data on:the equilibrium'loads after the ultimate
had been pessed are. much less. complete and reliable for
the panels. of . the first: two groupe than for those of—the
third, -Table 11 is a.record of such data as cotild be ob—
talned from the logs of the second group of twstse. In
these logs the.loads for phase D are seldom entered, and
no clear distinction is made between the loads for phases
4 and B, because the decision to make a detailed study of
the question was not made until after.the second &group of
tests had been completed.

Because of the dlfflcultv of adequately describing
the appearance of the panels at £ailure, a set of seguence
photographs was taken of the 10—inch spacing specimens of
the: s eoond hest ‘group. ; These photographs are .shown 1in fig—
ures:.-12 ‘to 15, --The panel ready for testing and subjected
to.the iInitial. load— usually 3000 pounds, is ghown in each
i 'of these: figures. in. (a). .In (b) the panel ‘ie shown Just
after failure., and. in (c) the degree to which the apecimen
returned ‘to.its original state.is shown, Figures 16 and 17
are additional views of the-fallure of .panel PD-16, taken
at the same time -as the view in figure 15(b). In the_
third series .of -tests.(most of the. tests of lS—in.“panqls),
‘s group -of -phaotographs (figes, 18 te 33) was taken'to illus-—
trate the :action of .the panels after the ultimate load. had
been pamsed.- After -the ultimate load had been .reached, the
shortening was ‘continued.until the load: had. considerably
decredgaed. :- Usnallv the lcad was - -reduced to about 15,000
pounds , 'but  the amount—ﬂependad somewhat dn the magnitude
of the ultimate._ Sometimes,_the panel would suddenly fail
with:da loud neise and the load drop to "about one—half or '
two—thirds of the amount.that—41t%t had been carrying. - The
‘photograph was .then taken to show. the deformation under

this conditlon.'
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For .2 number of the tests the angular rotations of
the pointers glued to the stiffeners were computed from
the measured movements of their free ends afd plotted
against load. These curves for the third set of panels
are shown in figure 34 to 837. Corresponding curves for
the ofther panels would be very similgr, In gddition, the
pointer rotations for each panel wunder three loads, in-—
cluding the last load beforse the ultimate was reached,
termed the "sub—critical load" in this report, were com—
puted. and recorded in tables 12 gnd 13,. When the pointer
rotations were recorded, no correction was made for pos—
sible movement between actual zero load and the first load
at which readings were taken, This omission was Justified
by the negligible movements recorded for the first few
increments of load in every test.

The manner in which the stiffeners of each type failed
when used in the panels appeared to be a characteristic of
the design, which depended to some extent on the length of
the panel, With only one exception, and that questionable,
the failures of the Z, S, and U section stiffeners in the
l6~inch penels were primarily of the local buckling type.
As the load approached the ultimate, bulges formed in the
flanges, eventwally gave way, and thus caused the total
load to drop. In panels PB-1 and PC-1, which had Z and’
S section stiffeners with flanges parall@l to the sheet,
it was noticed that the buckles in the flange adjacent to
the sheet were the more pronounced and gave indications of
having occurred first, although in all instances both
flanges buckled in approximately the same relative location.
In the other 16—inch panel tests, few notes were taken Tre—
garding the relative magnitudes of the buckles in the .two
flanges of g stiffener, but in several tests it was noted
that the bulge in the riveted flange was larger than that
in the free flange. The fallures of nearly all of the ¢
section stiffeners in the 16—inch panels, on the dther¥ hand,
were primarily torsional. In the test of panel PA-8, how—
ever, the local buckling appeared to be the pr imary cause -
of failure with the twisting secondary.

In the tests of 24~inch panels, the 0 - section stiff-—
eners uniformly failed primarily im torsion, though In fhe
panels with the wider stiffener spacings (panels PA-14 and
PA-16) local buckling was noted as a contributory factor,”
In this length, the Z section (PB series) also appsared
to fail primarily by twisting, though normally with accom-—
panying local buckling, The stiffeners  of § and U sec—
tions failed normally by local buckling, though twisting
was also noticed in a number of the tests.

e T
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‘On:the wholée,  -the U 'secticn stiffeners showed the
least ev1dence ‘of - twisting, in spite of the method used - -
to measure-that actian. Witk - the other -sections, the
pointers were sattached to the webs and measured rotations
of the whole 'stiffener. - The pointers were dttached to
stiffener flangees of the .U "section and in some tasts
appeared to measure flange.rotation due to local buckling
rather than rotatlcn df the stiffener gectian as a whole..

The £ailures of most of "the panels after. ﬁass{ng__
maximum load’were gradual, the panels exhibiting a re—
markablé ability to be defcrmed without much drop .in the:
equilibrium Yosd. ~Some of the panels -with- U .section
stiffeners, however, -failed rather suddenly. The fall—
ures of the two 24—~inch panels with 10-inch stiffener
spacing (PD-15 and PD-16) were very similar. At maximum
load the edge stiffeners suddenly twisted in toward the

center stiffeéner. The failure was accompanied by a loud
noise and & much larger drop in equilibrium load than was
experlienced for any of-the other 24-inch panels.  In the

l6—inch panel tests, also, the U seétion panels showed
g tendency tov complete and sudden collapse at final fall-—
ure, such behsvior shown by three of the five panels
tested. In this length tendency.to the explosive type

of failure took place with spacings of 4, 6, and 10
inches and did not "take place with the. 8—inch or the duvup—
licate 4—inch spacing panel, In one respect—thy violent—
failures of the shorter panels differed from those of the
longer ones., Instead of taking place under the maximum
load, failure did not occur until the equilibrium load
‘had passed the maximum and had experienced an appreciable
drop. .

Column tests of individual sftiffeners.— The ultimate
loads -and corresponding unit stresses of the individual
stiffeners tested as flat—end columns-are. listed in table
14. In these tests measurements of midpoint rotation and
change in slope near the ends were made in osrder fo deter—
mine from them the actual degree of end restraint, but the
apvlicability of the method proved gquestionable and thoss
data were net used

The shorter Z (3 1) failed by local buckling follow—
ing some plastic bending about its axis of minimum stiff-
nese. The: S sece¢tion of the-same length (C—1) showed a
gradual plastic bending over a considerable portion of 1ts
length. The shorter chanhel (D—-1) failed primarily by
twisting. ~The ends o0f this sPecimen remained flat agailnst
the platens and the distorted column axis formed a sinple
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large symmetrical sinusnidal wave with rather definite _
onints of inflecticen. In the longer lengths both the 2
and S sections (E-5 and C—5) failed in the manner char-—
acteristic of l1long columns, deflecting in the directions
~f the minor axes of the cross gections and exhibiting
little tendency to twist. The longer channel (D—~5) failed
torsionally in the same manner as the shorter one {D-1),.

Stanford University, .
Stanford University, Calif., July 2¢, 1942,
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F.: Airplane Maintenance. McGraw-—Hill Book Co.,
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Experimental Study of Deformaticn and of Effective
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TABLE l.- PANEL WEIGETS AND DIMENSIONS.

882

Panel | Type | Length| Stiff- Weight Sectlional area
Stiff- | (in.) | ener (grams) (sq in.)
ener spacing] Sheet |S5tiff- Sheet [Stiff- |Total
(in.) ener ener
PA -1 c 16 4 177 345.5 0.244 {1 0,475 § 0.7T19
PA -2 c 16 4 165 344 .228 474 -« 702,
PA ~4d c 16 6 236 345.5 B241 .472 . 796
PA -6 c 16 8 324 345.5 4481 .475 921
PA -8 c 16 10 389 348.5 .536 1 .472 | 1.008
PA- 9 c 24 4 253 5135.5 L14 ) 471 . 685
PA-10 (o 24 4 242 507.5 L2221 .466 - .688
PA-11 ¢ 24 6 389.5 | 51R B11 ) .470 . 781
PA-12 c 24 6 545 §15.5 3161 472 .'788
PA-15 (o 24 8 477.5 | 525.5 .438 | .480 .918
PA-14 C R4 8 472 507.5 433t 466 .899
PA-15 c 24 10 §91.5 | 511.5 .545§ .469 | 1.002
PA-16 c 24 10 580 515.5 532 1 .472 | 1.004
PB -1 Z 16 4 169 331 L2341 .455 .689
PB -2 Z 16 4 - 168.5 | 331.5 232 1 .456 .588
PB -4 Z 186 6 258.6 | 549.5 . 528 481 .809
PB -6 z 16 8 330 331 456 § .455 .910
PB -8 Z 16 10 395.6 | 332,5 5431 .458 { 1.001
PB -9 Z 24 4 250 491 2291 .450 | .879
PB-10 Z 24 4 228.5 | 493.5 .208 } .453 .66L
PB-11 b4 24 6 345.5 | 495 53151 .454 . 769
PB-12 Z R4 6 547 500 .518 { .459 L7177
PB-13 Z 24 8 46%.6 | 500 LA25 | (459 .884
PB-14 2 24 8 487 496.5 429 456 .885
PB-156 Z 24 10 583 501.5 ° .538 .480 .995
PB-16 2 24 10 581 497 .583 1 .456 .9689
PC -1 S 16 4 "159.5 | 347.5°:7| .2201{ .478 .698
PC -2 ] 16 4 l64 346.5 .226 | .477 .703
PC -4 s 16 6 235.5 | 342 325 | .4TL .796
PC -6 S 16 8 309 553.5 .47 | .459 .886
PC -8 8 18 10 572.5 | 346 514 | .476 .990
PC -9 ] 24 4 232 517 L2131 474 887 |
PC-10 S 24 4 235 516.5 L2186 .474 .680 l
PC-11 S R4 6 348.5 | 515 .319| .475 .To2 -
PC-12 ] 24 6 352 511 3231 .469 . 792
PC-13 ] 24 8 456 513.5 418 AT .890
PC-14 s 24 g 457.5 } 517 420 .474 .894
PCG~15 S 24 10 576.5 | 504.5 .529 1 463 .992
PC-186 S 24 10 578 500.5 . 530 459 .589
PD -1 4] 16 4 164 348 26| .479 705
PD -2 U 16 4 166.5 | 353 R3O0 ,485 . 715
PD -4 U 16 6 237.5 | 345 . 328 .475 .803
PD -6 U 16 8 290 344 L4001 474 .874
PD -8 U 16 10 396 345 .546 1 .475 | 1.021
PD -9 u 24 4 240 520 220 ATT .697
PD-11 U 24 6 369 509 . 339 .487 .806
Pb-12 U 24 6 345.5 § 502 JS17§ L4861 . 778
PD-13 U 24 8 484 515.5 .4261 .472 .888
PD-14 U 24 8 471 514 L4382 472 . 904
PD-15 u 24 10 589 518 .541 1 .473 {1.014
PD-16 U 24 10 585 513 544 .471 | 1.015
—_— e Ao USS iy
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TABLE 2,~ PANEL STIFFNESS FROM SIMPLE BENDING TESTS.

Stiti- | Panel jMezsured|Computed Max- {Experimentally determined EI va.luosc

ener is Elo imam -
spacing load jSheet in tenslion |Sheet in compression
(in.) (a) (o)

B, | BIp; |BIz |EBI; |BIp |BIg

4 PA-10} 0.0291 | 300 276 130 f 202 | 1Bl } 134} 173 | 144
PB-10§ .0307 { 316 376 3501 379 { 389 ) 270 319 | 347
PC-10{ .03192 { 329 276 430 | 442 { 439 | 387\ 419 | 419
6 PA-12} .0312 | 321 326 153 § 237 § 201 | 169} 200 | 147
PB-12} .0328 | 338 326 357t 451 | 418 | 389{ 352 | 26
PC-12} .0323 | 333 351 464 | 507 { 447 | 439{ 445 | 410
PD-12} .0118 | 122 276 175§ 196 § 179 | 164 171 | 165
8 PA-14| .0279 | 287 |=276 155§ 194 | 179 | 113{ 186 | 173
PC-14§ ,0341 | 351 376 427} 550 § 422 | 409 432 | 389
PD-14 ,0115 | 118 R78 149} 185} 161 | 169} 169 | 1567
i0 PA-16 0311 | 3RO 228 1431 211 | 185 | 1271 224 | 142

BuMoasured I-% in column 3 is the moment of imertie of the center
stiffener about & centroiddl axls parallel to the sheet, computed
rom measurements of the actual stiffener.

"Computed EIo" in column 4 is the value in column 3 multiplied by
10,300, Tubulated values are in thousands of pound-inch units.
C4Experimentelly determined EI values" in columns 6 to 11 are
computed from the slopes of the load-deflectlon curves of the
individual stiffeners, using the relation EI = 201.6W/6. EI, and
EI, pertain to the edze and BI, to the center stiffener, Ta%ulated
va-iues are in thousands of pouﬁd—inch units.

]
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PABLE 3.~ STIFFENER TWIST OF PANELS IN BENDING,

[Rotl.tion is positive when pointer readings increase

with increase in loed. Plus or minus sign indicates
that & change in direction of motion was noted. |

Panel Arm Tota-l- Move;e?n;h of .ond. ;:f pointer
lengtl load
(4n.) | (1v) 1 2 3
(in.) (in.) (in.)
Sheet in Tension.
PA - 20} 10-5/8] 276 40.80 +0.40 +0.47
PB - 10§ 10-1/4} 350 - .05 + .04 + .05
PC - 101} 10 328 + ,05 + .09 + .02
PA - 1210 328 .4 .99 + .46 + .50
PB - 12| 9-3/4] 3526 + .09 + .03 - 10
PG - 12| 10-3/4] 351 + .02 + <01 - 212
PD -~ 121 9-3/4] 276 + ,1L - .03 - .05
PA - 14} 10-3/4] 278 + ,80 + .49 4% .53
PC - 14110 376 + .28 + .09 - .16
PD - 14} 8-3/4] =276 + 22 + .08 * .05
PA - 16} 10-1/4{ =226 + .75 + .40 + .40
Sheet in Compressi§n
PA - 16} 4-1/2 ] 226 *0.37 | not recw| +0.57
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TABIE 4.- ULTIMATE LOADS AND UNIT STRESSES ON 24-INCH PANELS.
Panel | Ultim- | Stiff-|Average{Total |Averagze | Percentage|Test |Type
ate ener (stiff- |area |ulti- varisation | group| of
load area ener mate Ulti- [Av- failure®
stress stress mate |[er- ‘
load |age
- |str-
(1v) (sq in.)(1b/sq|(sa (1b/ sq ess
in.) | in.) in.) '
4-inch stiffener spacing
PA- 91} 16,200 0.471 § 34,400 }0.685 { 23,600 1.2l 1.3 1 T
PA-10 | 16,000} .466 | 34,300 .688 | 23,300 - * 2 T
PB- 9}17,200 .450 | 38,200 879 { 25,300 - .5 2.4 1 T,L
PB--10 } 17,120 453 137,800 .G61 } 25,200 : ¢ 2 T,L
PC- 9} 20,800 .474 143,900 .687 | 30,300 1.71 -2.s 1 L
PC-10} 20,450 474 3 43,100 .690 | 28,600 * ' 2 L,T
PD -9 118,400 .477 i 38,600 .897 | 26,400 1 L
B-inch stiffener spacin T
PA-111}] 14,600 470 | 31,100 w781 { 18,700 8.9 8.0 1 T
PA-12 | 15,200 472 ¥ 33,700 .788 | 20,200 * ' 2 T
PB-11} 16,500 | .454 {36,300 { .769 | 21,400 61| s5.141 | 5B
PB-1214 17,500 .459 § 38,100 § .777 | 2,500 ) ' 2 T,L
PC-11} 21,000 L4753 } 44,400 .792 | 26,500 261 -2.8 1 L
PC-12 } 20,450 .469 1 45,600 . 792 | 25,800 * * 2 11L,T
PD-111 18,400 .467 | 39,400 .806 | 22,800 2.3 1.5 1 L
PD-12 { 17,985 461 139,000 ) .778 ) 25,100 * ) 2 L
g-inch stiffener spacing
PA-131 17,100 .480 | 35,600 } .918 | 18,600 11,7 | -9.7 1 T
PA-141{ 15,100 .466 ¢ 32,400 .899 | 16,800 * 1 2 T,L
PB~13 | 17,900 .459 | 39,000 .884 | 20,200 _ .ol -1.0 1 T,L
PB-14{ 17,740} .456 { 38,900 .885 | 20,000 : ' 2 T,L
PC-13} 20,800 .472 | 44,000 .890 | 23,400 1.8 9 1 L,T
PC-14] 21,135 474 | 44,8600 .8984 | 23,600 * ‘ 2 L
PD-13] 18,000 472 1 38,100 .898 | 20,000 1.2 1.0 1 L
PD-14}{ 18,210 2472 | 38,600 | ,.904 } 20,200 ) ' 2 T,L
’ 10-inch stiffener spacing
PA-151} 15,600f .469 } 33,300 } 1.012 | 15,400 4.8 | -5.9 1 T
pPA-16 | 14,875{ .472} 31,500 }1.004 | 14,800 . Yl 2 1 T,L
PB-151{ 17,300 460 | 37,600 .995 | 17,400 5.7 6.3 1 T
PB-~16} 18,2801 .456 } 40,100 .989 [ 18,500 * ) 2 L
PC-15| 20,000} .463 ] 43,200 .992 | 20,200 - .2 0 1l LT
PC-16 | 19,950} .459 ] 43,500} .989 | 20,200 . 2
PD-15}| 17,500 .473 } 37,000 } 1.014 } 17,300 8 0 1 L,T
PD-16§ 17,600 .471 | 37,300 } 1.015 |} 17,300 ' 2 L,T

8Notation of types of failure:

B, bending
L, locel buckling
T, torsional

Where two types of failure were observed in the same test, the
one that seemed to be the primary type is listed flrst.
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TABLE 5.- ULTIMATE LOADS AND UWIT STRESSES FOR 16-INCH PANELS.
Panel | Ulti- | Stiff-|Average|Total | Average |Percent Test |Type
mage ener |stiff- |are2 | ultimate |variation ! group| of
load |area ener stress Ulti~ |Av~- failure
stress mate |er-
load |eage
, str-
(1) |(sq |(1b/sg |(sa | (1b/=q ess (a)
in.) | in.) | in.) in.)
4-inch stiffener spacing
PA~1 | 19,500 § 0.475 {41,000 |0.718} 27,100 _1.5 1.1 1 T
PA-2 | 19,200 .474 §40,500 1 .7021} 27,400 ) ' 3 T
PB~1 } 19,000 | .455 {41,800} .689| 27,600 5 4 1 }. L
PB-2 | 19,0580 +456 141,800 .688 { 27,700 ' ' 3 L,T
PC-1 | 21,700 .478 145,400 | .8698 | 31,100 5 3 1 L
PC-2 | 21,800 .477 {45,700 . 703 | 31,000 ' ' 3 L
PD-1 | 21,400 .479 }j44,700 § .705] 30,300 2.9 1.8 1 L
PD-2 § 22,020 .485 }45,400 715 { 30,800 * ' 3 L
6-inch stifféner spacin )
PA-4 | 18,800 .472 159,800 | .796] 28,600 3 T
PB-4 | 21,100 .481 45,800 | .809 | 26,100 3 T,L
PC-4 | 21,475 .471 45,600 | .796 | 27,000 3 L
PD-4 } 22,225 475 |46,800 +803 | 27,700 3 L
8-inch stiffener spacing
PA-6 | 19,520 475 141,100 .921 | 21,200 3 T
PB-6 | 19,895 .4b5 {43,700 | .910 | 21,900 3 L
PC-6 | R0O,250 «459 144,100 | .886 [ 22,900 - 3 L
PD-8 | 21,610 1§ .474 145,600 .874 } 24,700 3 L
10-inch gtiffener gpacin
PA-B ] 19,770 .472 {41,900 $1.008 | 19,600 3 L,T
PB-8 | 19,720 458 (43,000 j1.001 | 19,700 5 L
PC+B | 21,510 v476 | 45,200 § .9880 | 21,700 3 L
PD-8 | 22,020 475 146,400 11.021 { 21,600 5 L

SYotation for types of fallures
L, loc¢al buckling
T, torsional

Where two types of failure were observed in the same test, the

one which seemed to the observers to be the primary type is

listed first.
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TABLE 6.- AVERAGE SHORTENING OF 24~INCH PANELS UNDER VARIOUS LOADS.
Panel Shortening injinches/lo,ooo under load P of Sub-
critical
5,000{ 10,000 (12,000|14,000|15,000|16,000 |18,000| Sub- 1oad®
critical
(1B) | (1B) | (1v) (1b) | (b)) (1v) | (1v) load (1b)
4-inch stiffener spacing .
PA -9} 201 401 488 584 841 - - - - 721 15,830
PA-10] 212 423 508 596 658 - - - - 895 15,415
PB -9] 205 411 496 589 640 702 - - 813 16,990
PB-10] 213 427 515 812 661 715 - - 815 16,730
PC -8} 2086 411 494 586 635 686 8068} 1044 20,425
PC-10f{ 210 422t 510 804 855 710 835) 1148 20,450
PD -8 182 389 474 561 606 655 784 805 18,140
6-inch gtiffener spacing
PA-11} 201 400 483 583 -~ - - - - 585 14,040
PA-12] 202 404 485 575 833 - - - - 716 15,600
PB-11} 222 404 489 584 835 705 - - 712 16,215
PB-12} 190 394 480 570 615 865 - - 750 17,100
PC-11f{ 201 399 484 572 819 669 786 922 19,675
PC-12f 192 400 495 590 838 687 805 086 20,070
PD-11] 196 389 467 556 599 648 793 798 18,035
PD-12] 207 415 498 589 637 687 - - 812 17,500
8-inch stiffener spacing
PA-13f 190 380 458 544 590 647 - - 748 16,835
PA-14] 195 399 505 684 - - -~ - - 760 14,500
PB-13{ 193 383 466 554 601 653 - - 741 17,355
PB-14] 210 415 496} 585 631 685 - - 767 17,220
PC-13{ 203 403 486 575 620 870 783 978 20,305
PC-14} 205 405 485 570 615 667 793} 1090 20,110
PD-13§ 198{ 393 4753 561 609 861 - - 763 17,485
PD-14] 195 385 463 550 600 655 775 757 17,705
10-inch stiffener spacing
PA-15} 189 378 454 5431 601 - - - 4 8678 15,400
PA-16{ 199{ 397} 4774 s19 - - -~ -] - -] =84 | 13,785
PB-15§ 191 580 459 545 591 839 - - 770 17,355
PB-18] 190 590 470 560 610 660 - - 750 17,450
pc-15} 199 397 481 587 611 663 782 953 19,790
PC-16} 216 426 508 596 646 700 833 966 19,310
PD-15§ 192 385 468 553 599 648 - - 731 17,200
pp-18f 186 380 4856 555 802 860 - - 710 17,080

Bsub-critical load is last load before the ultimate.
Reading for P = 13,000 lbs.
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TASLE 7.- AVERAGE SHORTEWING OF 16-INCH PANELS UNDER VARIOUS TOADS

Panel Shortening in inches/10,000 under load P of Sub-
critical
5,000)10,000|15,000|16,500[18,000|19,000{ 20,000 Sub- load®
critical
(1) | (o) | (av) | (v) | (o) | (1v) | (3v) | 1oma®
4- inch stiffener Bpacing
PA-1} 138 277 431 485 553 625 - 627 19,015
PA-2] 145 287 438 491 566 - - - - 650 18,920
PB-1 142 284h 438 496 571 - - - - 639 18,875
PB-21 140 280 432 480 555 - - - 655 18,770
PC-1} 136 27L 423 477 538 585 643 769 21,335
PC-2{ 138 275 425 478 535 580 638 750 21,310
PD-1} 1357 <71 416 466 522 566 616 743 21,405
PD-2 130 262 410 460 515 5568 600 710 21,625
6-inch stiffener spacing
PA-4] 130 262 407 452 532 - - - 580 18,360
PB-4}{ 125 256 400 450 508 550 604 705 20,660
PC-4} 118 245 398 452 518 568 622 700 20,960
PD-4} 128 258 3895 441 498 540 585 690 21,5825
8-inch stiffener spacing
PA-6} 123 250 395 446 500 560 -~ - 620 19,320
PB-6}) 125 250 402 457 520 582 - - 622 | 19,480
PC-6 130 260 416 470 530 582 - - 690 12,985
PD-6} 130 281 403 455 513 558 608 785 21,280
10-inch stiffeener spacing
PA-8 128 255 390 438 491 538 - - 575 19,550
PB-8} 130 259 403 456 520 570 - - 590 19,300
PC-8} 122 251 400 450 505 549 600 680 21,100
PD-8 125 250 385 430 480 518 560 6358 21,430

8The sub-critical load is the last load at which readings were
teken before the ultimate load.
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TABLE 8,- LOADS AT INCIPIENT FAILURES OF TEST GROUP 3.
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Panel

Skin buckles

Stiffener waviness

Stiffener twist

Stiff-
ener 1

Stiff-
ener 3

Stiff-
ener 1

Stiff-
ener 2

Stiff-
ener 3

Stiff-
ener 1

Stiff-
ener 2

Stiff-
ener 3

"PA-2
PA-4
PA-B
PA-8

PB-2
PB-4
PB-6
PB-8

PC-2
PC-4
PC-6
PC-8

PD-2
PD-4
PD-6
PD-8

12,015
15,000
13,495
17,010

15,000
13,530
153,520
14,995

16,470
14,965
14,960
10,575

12,015
10,520
10,475
12,000

k12,015
15,000
14,970
12,010

15,000
16,455
18,670
18,020

10,530
14,965
11,990

9,070

12,015
10,520
10,475
15,020

18,7002
16,3802
17, ' 0208
17, ’ 7952

18,3002

19, 180a
19, ’1002

20,680
20,960
19,090
20,6802

1 21,100
21, 525
20,3502
20,530

18,7008
8, ’ 3308
19,340

i8, 970a

18,30¢2
20,660
18,670
18,745

19,040
20,960
19, 985
20,680°

19,140
21,525
21,280
20,530

18,700%
16,445
19,160
17, Y7954

18,630
20 660
19, * 1802
19 100a

19,040
20, 455a
18, 260a
13,420%

21,100
282,225
14,980

18,520
18,530%
18,3202
18,770

18,770%]

20,660
19, 180a

17,300%
18,3202

18,520
17,910
19,340
19,370

&pfier maximum

load had been passed.
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TABLE 9.- PANEL ACTION OF TEST GROUP 3 IN FAILURE.
Cycle Phas% PA-2 PA-4 PA-6 | PA-8 PB.2 PB-4 | PB.S |PB~8
(a)
1 A 119,200 {18,160 {19,520 |19,770 {19,000 |21,100 |19,895 19,720
B - - - - - - - 19,720
c }18,920 {17,910 {19,340 |18,970 }18,770 {20,660 {19,180 }19,100
D {18,880 {17,890 {19,280 {16,890 |18,700 }20,600 {19,120 [19,035
2 A 119,200 )18,580 {19,520 {19,220 {19,050 {20,950 |19,520 |19,320
B |18,700 - - - - 18,450 - -
¢ |18,300 {18,360 {19,070 {18,780 {18,300 {17,310 |18,140 |18,920
D {18,230 }18,320 }19,000 {18,720 {18,260 {17,250 }18,060 |18,850
3 A 118,600 {18,800 }19,%20 {19,020 {18,475 |18,000 {18,420 }18,120
B - - 19,320° - - 15,200 118,280
c {17,300 {18,330 {18,320 {18,260 {17,550 {14,820 }17,520 ]18,180
D |17,250 {18,300 {18,260 {18,110 [17,500 {14,685 17,410 }18,120
4 A 17,600 18,750 118,720 {18,420 {17,900 17,870 18,560b
B {17,320 | - - - - 17,670° [18,360
¢ {17,000 117,500 }17,020 {17,796 {16,800 16,820 |15,395
D |16,950 [17,400 |16,920 {17,655 {16,740 16,790 (15,335
5 A 117,300 {17,800 |17,320 }18,02C {17,100 17,220 {15,920
B - - 16,850 {17,410 {16,610 - 15,680
¢ 116,180 |16,380 {15,820 {16,950 {16,000 15,870 [15,140
D {16,110 16,300 {15,770 {16,840 |15,970 15,880 -
6 A 16,400 |17,000 }16,120 }17,320 [16,300 16,220
B - 16,350 - - 15,750 -
¢ }15,150 {15,500 {15,220 {14,420 15,300 14,990
D {15,100 {15,380 | - 14,020 |15,250 14,870
7 A {15,500 15,800
B }14,800 -
C $14,570 13,780
D }14,480 1.3, 700
®Pnase A 1is maximum load of gcycle.
Phase B is load just before failure.
Phase C is load just after failure.
Pnase D is load after talting dial readings and just béfore

starting next cycle.
No decrease in load between phases A and B.
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Cycle PhasJ PC-2 | PC~4 PC-6 | PC~-8 |PD-2 PD-4 | PD-6 |PD-8
1 A | 21,800 21,475 {20,250 21,510 {22,020 21,700 |21,610 {20,725
B - - - . - - - - -
C 21,190 {20,750 {19,550 }20,680 |21,670 {%1,526 |21,R80 }20,530
D | 21,150 {20,700 {19,490 {20,820 {21,550 {21,450 {21,240 |20,480
2 A { 21,600 {21,100 |19,950 }21,020 {22,000 {22,225 |21,750 {21,630
B - - -~ - }19,380 | - - - -
c 20,890 {R0,435 {18,260 118,680 (20,840 120,935 20,350 |21,430
2] 20,790 |20,385 118,210 ino rec 320,700 {20,900 }20,R50 |21,380
3 A | 20,900 }20,900 |18,700 }19,020, 121,100 {21,400 {20,500 |=22,020
B - - - 19,020°}19,600 | - - 21,895
¢ | 19,250 {19,140 {16,160 {18,320 |18,510 {19,450 {15,880 |=20,510
D 19,190 |18,060 (15,980 ino rec }18,450 |19,320 {15,780 | 20,270
4 A | 19,600 |19,400, 116,500 }16,920 {18,830, {19,700 20,760,
B 18,110 {192,4007{16,180 - 18,8307{19,130 R0, 760
¢ | 17,425 {18,580 {13,570 }13,420 | 8,950 { 7,525 6,200
D 17,350 }18,530 8,950
5 A {17,800 |18,950
B 17,150 18,150
¢ | 16,520 17,400
D | 18,470 |17,350
6 A 15,900 17,800b
C 14,550 {16,600
D | 14,400 [16,550
7 A 17,000
B -
c 14,240
D 14,120

bNo decrease in load between phases A and B.
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TABLE 10 - EXCFRPTS FROM LOGS OF PANEL COMPRESSION TESTE

Panel Load
(1b)

PA-2

PA-4

PA-8

PA-8

PB-3

PB-4

PB-8

18,300

17,300

15,160
17,910

18,360
18,330
17,500

18,380

15,500
19,340

18, 380

17,080
15,820
18,870

17,795
16,850
14,420

18, 300
17,880

17,780
20,880

17,310

19,500
18,180
18,140

17,580
18,880

Remarks

8tiffener 1 failing torsiomally with secondary local buckling,
Same sctlon, but not sc pronounced in stiffener 3. 8tiffener 3
shows looal buckling with secondary twist. :

All deformatione much increased and deformation of gtiffener 3 now
appears primarily torsional and -secondarily local buckling.

Deformations have been inoreasing continuously.

Slight noise due to sheet buckling. Stiffener 3 definitely twist-
ing.

8tiffener 3 twisting considerably. B8tiffeners X and 2 show no
distress.

8tiffener 2 now has a buckle. B8tiffener 1 shows no resl distress,
but is starting to twist.

Same deformations more promounced.

Stiffener 1 now badly twisted. Both 1 and 3 are primarily twist-
ing; whereas 3 exhibits primarily local buckling. 8tiffener 1 alsoc
hag a local buckle, but stiffener 3 has none.

Loud noise as buckles increase with sudden drop in load.

No particular action af maximum load. 8tiffener 2 shows signs of
buckling of riveted flange. Stiffener shows combination of twigt-
ing and local buckling.

Stiffener 3 falled with sharp noise. Stiffener 2 is buckled on
riveted flange and to less extemt on outer flange. It is also
somewhat twisted. 8tiffener 1 ie twisted, but shows no serious
local buckling.

Stiffener 1 now shows looal buckling as well as considerable twist.
Stiffener 3 failed nolsily.

Edge stiffeners ale conalderably twisted, but have not failaed. . e em
Stiffener @ has falled by locdl buckling of flanges near midheight. «

Edge stiffeners showing local buckling ac well as twisting.

Drop of load probably due to increased buckling of stiffener 3.
8tiffener 1 is bearing ageinst testing apparatus. The panel is
badly deformed with edge stiffeners twisted and all three buckled
locally . No rivets had failed.

Stiffener 3 appears tv have falled, primarily by local duckling.

8tiffeners 1 and 2 appear to have failed primarily by looal
buckling.

Slight noise from sheet buckling, nc other changs.

Stiffener 1 twisting. Btiffener 2 has wavy cuter flange. Stiff-
ener 3 has buckle in outer flange.

Loud noilse with pronounced fallure. Stiffener 1 twisted with seo-
ondary local buckle. Stiffeners 8 and 3 have fairly lgrge buckles
with secondary twisting. One rivet failed on stiffener

(Before max. load.) Outer flange of stiffemer 2 buckling locally
and appears ready to fail.

Buckle in flange of stiffener 3 slightly larger. BStiffener 3 appears

to have falled by local buckling of both flanges near midheight. -
Stiffener 1 shows twist and inciplent local buckling. No noise.
Same failures more pronounced. ’
Sharp noise due probably to change in buckle pattern of sheet,

Sharp nolse with intensifioation of stiffemer buckles,
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TABLE 10.- EXCERPTS FROM LOGS OF PANEL COMPRESSION TESTS (COontd.)

Panel Load
(1b)

PB-8

PC-3

PC-4

PC-6

PD-3

PD-4

PD-6

18,100

15,3¢5

15,140

31,800
20,890
17,435

30,750
18,580

17,400
16,600
19,986

19,560
18,380

16,160
13,570
280,880

18,680

16,330
13,430

31,670
30,840
18,510

8,950

19,450
7,525

30,350

15,880
80,310

6,300

Remarks

Noise at failure not loud. Definite local buckling of outer flange of
stliffener 1 and incipient failures of outer flanges of stiffeners 2
and 3.

Two noiges heaxlbefore load reading could be taken. Bad local buck-

1ing of stiffener 1 and moderate fallure of stiffener 3. 8tiffener 3
shows distress but is in fairly good shape. Rotation pointer knocked
off gtiffener 1 in the failure of that stiffener.

Stiffener & rotated until pointer struck test apparatus. 8Stiffener 2
also badly buckled; but stiffener 3, although buckled locally, ia still
holding considerable load.

Bugkle forming in stiffener 3.
Stiffener 3 appears to have failed by‘looal buckling.

Stiffeners 1 and 8 appear to have failed by local buckling. A rivet
has failed in stiffener 3.

Stiffener 1 appears to bave falled by local buckling with secondary
twist.

Stiffeners 8 and 3 show oonsiderable distress, but have not completely
failed.

Stiffener 2 has falled by local buckling.
B8tiffener 3 has fai;ed by loocal buckling with secondary twist.

(Before max. load.) Three waves in outer flange of stiffener 1, one
on flange of stiffenexr ?, no definite buockling of stiffener 3.

Failure of outer flange of stiffener 1.

Bad bulges in outer flanges of stiffemnsrs 1 and 2. Smaller bulge on
flange of stiffener 3.

All stiffeners show large buckles.
Loud noise accompanied failure. Princlipal failure that of stiffener 1.

Local buckles in both flanges of stiffeners 1 and 8. None on stiff-
ener 3. .

Bad local buckling of stiffener 1, moderate buckling of stiffener 2,
none on 3.

More fallure of stiffener 1, but stiffener 3 still holds.

Stiffener 3 buckled near upper end. No sudden failure of this stiff-
ener during the test.

Stiffener 3 appears to have falled by local buckling.
Stiffener 3 appears to have falled by local buckling.
Stiffener 1 appears to have failed by local buockling.

The panel failled with a loud nolse and suddenly greatly increased
deformation. The load drop was from 18,830 to 8,950.

8tiffeners 1 and 28 appear to have failed by local buckling.

When the load was 19,130, the panel falled completely with a loud
noige. After this falilure stiffener 3, although much twisted, appeared
in relatively fair shape, but stiffeners 1 and 3 ware badly buckled.

Buckle in stiffener 28 fairly large. Stiffener 1 showing waviness.
Buckles in stiffener 3 considerably increased in size.

A1l three stiffeners are buckled near each end and equilibrium load
is deoreasing as strain‘increases. At no time in this test 4id any-
thing give way with a noise. -

Platen 4dizl no. 1 suddenly dropped back from 0.057 to 0.053. gtiff-
ener 1 suddenly buckled, followed shortly by stiffener 2. 8tiffener
3 showed no distress.

Yhen the load was 30,760, stiffeners 1 and 2 falled with a loud noise,
but stiffener 3 showed no distress. The load dropped to 8,200.

d



MABTR }L- PANEL ACTION OF TEST GROUF 2 LN FAILURE

Panel | Ulti- {load at| Toad |Ratio|Stiffemer|Load at| Load |Stiffener | Load at | Toad |Stiffener

mate firat | after that second | after that third after that

load |failure|failure failed® |failure|fallure| failed® | failure | failure| failed

(1b) (1p) | (1v) | (1) | (v) (1) (1b)
PA-1Q | 16,000 116,000 }14,885_|0.93 3T 15,250 |15,000 27 15,350 13,650 1r
pa-12 | 15,900 15,900 15,850 .98 3T 15,850 f15,640 1T 15,000 12,900 27
PA-14 | 15,100 |14,650 |14,500 { .99 3T 15,100 }----] 2L —— SR —
PA-16 | 14,875, |14,875 {14,000 | .94 | 2TL,1T f-——— f-oo-- —- S — —
PB-10 {17,120 |16,715 15,150 | .90 3T SRS S 12,725 9,965 1,2
FB-12 {17,500 {17,500 [18,975 | .97 | 11,57 {16,500 115,000 § 3L,2T S i —
PB-14 | 17,740 |17,610 |17,000 | .96 3L 17,225 {16,730 | 2LT 17,050 16,625 1LT
PB-16 | 18,280 {18,280 (17,700 | .97 | 2T 18,200 {17,880 T 17,240 16,150 3LT

".

PC:"J-D 20‘4% 2Q,450 Fls,m ' -65 ZL’ m’-lT —————— ————— - g e 8 —— —a—
BG-12 |20,450 {20,450 f1.7,370 | .85 8L 17,250 e 2L — ———— ——
PC-14 | 21,135 $21,135 {17,800 | .84 f 3L,2L  [18,600 {15,000 iL —- — ——
PC-16 }19,950 §19,950 _a.aaﬁ.i (98 | 2,5 }19,70Q |------ 2L, 3L — —— _—
po-12 |17,985 f17,985 heeon | .02 ﬁ 3,2l - 13,200 § 1L A e | —
PD-14 [ 17,70Q [15,500 §14,000°| .91 F 2L 14,000 {~~-—{ 1L,3L T R -_—
Pnhle_iff5sno 17,600 7,070°0 a¢ firar,en ol e b s | e ] e —

*ON 930N T®OTUWOSL VOVN

88

2L iadicates looal and T torsiqeal failure.
» ot definite.
.qﬂ.qlnt. fatlure.

eg
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TABIE 12.- POINTER ROTATIONS FOR 24-INCH PANELS
[yeasured_in.radians/l,OOé]

Panel| Sub- Stiffener 1 Stiffener 2 Stiffener 3

crit-

tcal |8,000(12,000|Sub= }[8,000}12,000| Sub- |8,000(12,000] Sub-

load crit- crit~ crit-

ical ical ical

(1b) [(1p) [(1B) Load |[(1b) (1) [load |(1b) (1v) |load
PA 815,830 - - - (o] 2 +5 - - -
PA-1Q}15,415] -11 ~R8. }-129 0 -4 -5 +1 11l | +80
PB -8116,980 - - ~a +3 +86 -4 - -~ -
PB-10116,730] -6 -22 |-1417f =1 ~4 | -=103 +4 +15 K218
PC -2}120,425 - - b +1 -1 -25b - - ~h
PC-10|20,450} -5 -15 -51 0 0 -7 0 +1 | +25
PD -9{18;140 - - - +3 +5 | ¥35 - - -
PA-11114,550} -10 =30 |-209 -4 -3 | +14 | 410 +32 [+400
PA-12(15,800] -5 14 }-172 +7 +16 | +65 +5 426 W 227
PB-11116,160} -10 -29 |-145 8] 0 +6 | =14 ~22 |-165
PB-12}17,100 -4 -5 | -87 -2 -7} -65 +3 +11 4129
PC-~-11}20,580 -5 -16 }-141. -4 -9 -84 -1 +2 | +90
PC-12120,070}1 . -9 -14 }-111 +1 -1} =10 +5 +9 |+152
PD-11118,035 -7 -7 -8 0] -2 -18 | ¥14 | +23 | +49
PD~12117,500 -2 +1 | -14 -4 -10 -28 +2 7 1 #10
PA-135}16,835| -11 ~24 |-R26 +3 t+4 -4 +9 +23 185
PA-14]14,500 -5 ~13 | =27 -4 41 | +48 | #28 | +240 {+535
PB-13(17,355 -7 -1i6 }-122 -4 -8 | +11 +l 4+8 | +78
PB-14117,220 15} -1 { =45 +12 +12 | ¥13 | t21 +42 |$179
PC-13}20,305 -2 -10 | =97 -1 -4 | -36 +3 +9 }rl25
PC~14120,110| -4 -15 } -66 -5 -13 -48 -1 +4 | ¥85
PD-13}17,485} +9 rls j+34 +6 +8 | +22 | -12 -24 | -86
PD-14117,705 -4 -4} =12 -1 -5 -15 -7 ~4. o
PA-15115,400 | -12. ~-38 |39 ~5 -10 {-1358 -3 +3 | +90
PA-16§13,785} -7 -28 | -5l 0 0] + 6 +7 +3 K216
PB-15117,215 -8 —-26 }-14 -3 -8 ~-34 -1 -5 { -83
PB-16{17,450] - -8 | -42 ~5 -13 ~B1 +5 +7 454
PC-15}19,860 Q -5 | -588 -l -12 ~B4 +5 +11 154
PC-16]19,310| +3 0 { -55 +3 +2 | +48 +3 w13 | +78
PD-15}17,250| +3 +5 {16 +2 +1 | +11. -6 -7 §{ =18
PD-16 {17,060 { +32 +55 ?r 258 -6 ~-15 | -a7 -8 -10 { -14

a_- .
Under 16,715 pounds, polnter knocked

could be teken.

b

off before next reading

Under 18,000 pounds, no readings were reccrded for hlgher loads..
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TABLE 13,~ POINTER ROTATIONS FOR 16-INOE PANELS

Euea.uured in redians/ 1.000]

Parel | Sub= | Stiffener 1 Btiffener 2 Stiffener 3
crit=-
ical 115,000(18,000|8Svb- |15,000|18,000|Sub~ [15,000|18,000| Sub
load orit= orit= critd
1cal ical ical
(iv) (1v) (1b) [load | (1®) (2b) jload | (iv) {1b) | losa
PA-1 | 19,015 - - -1 v2 -8 -R0 - -~ -
PA-2 |18,920}f -8 -58 |[-108 =7 -25 -81 | +8 +27 82
PB-1 | 18,450 - - - -8 -17 -268 - - -
PB-2 |18,770| -5 -1l .. *3 +3 +17 1 +13% ™2 |rld0
PC-1 | 21,385 - - - ~5 =12 -37 - - -
PC-2 |{21,310] -5 ~8 -38 -5 -8 -28 +5 +8 +50
PD-1 | 21,408 - - - +5 +10 5] - - -
PD-2 121,826 -6 =10 -40 (o) 0 =10 +5 +8 +30
PA-4 118,360 { -12 ~22 -28 (o] =10 =16 | +R28 [+120 (4206
PB-4 }20,860)] -5 -11 }-108 c 0 +15 +8 +l8 +40
PC-4 | 20,960 s) -2 +17 -6 ~10 -18 +5 +9 +14
PD-4 {21,825] $5 +8 +15 o 0 0 0 +3 92

PA-6 18,3201 -12 -21 ~-45 ~R +5 ¥40 | +16 <40 1+144
PB-6 |19,480} -12 -25 ~50 { ¥15 «5¢ +75 | +1% +25 +52

PC-6 [l9,985| -4 -5 -25 0 0 +10 0 0 -7
PD-6 121,280} +8 +10 *20 0 c -4 | -14 ~25 -40
PA-8 }15,550} -15 -40 -74 o ¢ +15 o -6 -18
PB-8 }19,500}f ~5 -5 -12 0 -5 ~21 (o] 0 ~50
PC-8 }21,100f{ -§ -7 -10 2] o +*12 0 0 -12
PD-8 }21,410] <9 +1l 18 -4 -8 ~-13 -5 -4 -7

TABLE 14.- ULTIMATE STIFFENER LOADS UNDER AXIAL COMPRESSION.

Specimen | Shape| Ultimate| Ultimate frhielmeu.n&. mini- 2m./:."
load stress t mum
(1v) (1%/ ag (in.) (in.4) (1v)
in.)
18 - inchk Length
B-~2 z 5,080 32,400 0.0642 |[0.00520| 2070
-1 8 5,800 37,600 0.0647 |0.00622| 2480
D-1 ¢ 4,730 30,000 0.0649 |0,01105{ 4400
24 -~ inch Length
B~ § z 2,940 19,000 0.0685 |0.00515 910
-5 s 5,960 24,300 0.0641 [0.00616] 1080
D-5 c 3,240 20,300 0.0856 [0.01318} 1970
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Flgure 1
NOMINAL SPECIMEN DIMENSIONS

Typical Panel
b "i Material

b n : Sheet -~ 24S-T
r ’—ﬁ;:”/” . Stiffeners - 243~RT
/ﬁ-/ .
.y Ssheet thickness -~ 0,025 in,

Stiffener thick,- 0.064 in,

Rivets -~ 3/32" d. brazier head
A17S-T Al. Alloy
3/4 in. pitch

b=4, 6, 8 and 10 in.

()
it

16 and 24 in.

J——’~i"/””~

Typical Stiffeners

C sectlion
t =.064" Z section S section U section

---—.8l8'-'-'.~d L*.;d-—l ¢<— L;IdL+J

(B) (C) (D)

stiffener Sections

Developed length Section A, B, and C Section D

of center line, = 2,52 in, ~ 2.52 in.
Thickness, 084 in, - +084 in.
Cross-section area, A »161 sg.in. 161 sq.in.
Inside radius of bends, r 3/32 in. 3/32 in,
Moment of inertia, I (sbout c.g.)  .0316 ind 0109 inl

Note: Rivet center line is in the center of the flange flat
except for stiffener C; for C the position of rlvet center

line is given above.
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Figure 2.- Panel bending
test,side view.

Figure 3.- Panel bending test, three-
quarter view.



NACA Technical Note No.882 Figs. 4,5

Figure 4
LOADING DEVICE FOR PANEL BENDING TESTS

L'
1@ o o
L' L'
2 2
L -
. ) -
. L 2L
3 T

Figure 5

SKETCH OF OFF SET
FITTING

.Figures 4 and 5,



Figure 6.~ Plan view of testi
(b) Upper platen.

i

ng machine. (a) Braoing %o stabillze upper platen.

(c) Lower platen.

(d) Extension rods.
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Figure 7.~ Panel compression teat,
front view.

Figure 8.~ Panel compreasion test,
rear view.
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140F
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60 /}ﬁfﬂ ﬁ/{ //5// ,///4i;f{

////ij>i:/ —————- Sheet in %ension

Load per stiffener,
> ~
N
F \\\

w0 / , ]
féV L/ v -~ -——— Sheet in compression
/ oV
/é / //34§Q%: © PAl2 T O
?‘/ﬁ /i;//jk A PB12 1.1
N, /// o PC12 z_ Z 7
0 / L~ x PD12 1y __ 4] L
z I l
. | !
1] | ;
0 .02 .04 .06 .08 .10.

Panel deflection, 8, in.

Figure 9.~ Load deflection curves for penels in bending, 6-inch
circle spacing, center stiffener only.
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: tisl load. (b) Under maximum logd. (c) Under initial load as
(a) Under initisl load ( moving head of testing

machine was raised.

Figure 12.- Sequence photographs panel PA-16,

2698 "ON 930N 1BOTUQOS] VOVN

3T "It



. ' N b) Und imum load. (c) Under initial load as
(a) Under initial load. (v) er maximum load e prtlal Loud o
machine was raised.

Figure 13.- Sequence photographs panel PB-16.

288°ON 930N T®BOTUUOSL VOVN

o1 *31a




. maxi (c) Under initial load as
(a) Unde? initial Joad (b) Under mm load moving head of testing

machine was raised.

Filgure 14.- Sequence photographs panel PC-16.

288 ° 0K B30R TYOTUUCA) VOVN
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(a) Under initial load. " (o) Under maximum load. (¢) Under initial load as
moving head of testing
machine was ralsed.

Figure 15.~ Sequence photographs, panel PD-16.
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ST 314




NACA Technical Note Ko.882 Figs. 18,17

maximum load

.~ Panel PD-16 underx

Figure 17

maximum load.

.= Panel PD-16 under

Figure 16




Figure 18.- Panel PA-2 under

14,460 pounds
after subjection to 19,200
pounds.

Figure 19.- Panel PA-4 under

15,380 pounds
after subjection to 18,800
pounds.

286 O 930K TeotTugoal VOVN
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Figure &l.- Panel PA-8 under

Figure 20.- Panel PA-6 under 14,000 pounds
15,100 pounds after subjection to 19,750

after subjection to 19,500 pounds.

pounds.
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Figure 38.- Panel PB-4 under Figure 33.- Panel PB-4 under

: 13,700 pounds 14,685 pounds
after subjection to 19,050 after subjection to 21,100
pounds. pounds.

Z8¢ 'ON 930N T®OTUUOS] VOVR
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Figure 24.- Panel PB-6 under
14,850 pounds

after subjection to 19,875
pounds.

Figure 35.- Panel PB-8 under
15,000 pounds
. after subjection to 19,700
pounds.

288 "ON 930N TBOTIUUOS]L VOVN

‘8314

g2 ‘w2



Figure 26.- Panel PC-2 under

14,395 pounds
aiter subjection to 21,800
pounds.

Figure 37.- Panel PC-4 under

14,120 pounda
after subjection to 231,475
pounds. _
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rigure ig?géoPgounﬁﬁde? Figure 39.- Panel PC-8 under

after subjection to 20,350 13,400 pounds

pounds. after subjection to 31,490
pounds.
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Figure 30,- Panel PD-2 under

- 8,950 pounds
after subjectlion to 32,020
pounds.

Figure 3l.- Panel PD-4 under
7,535 pounds

after sub;ectlon to 23,385
pounds.
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Flgure 32.~ Pagnel PD-6 under

15,780 pounds
after subjeoction to 31,750
pounds,

Flgure 33.- Panel PD-8 under

6,185 pounds
after subjection to 32,000
pounds.
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